Our contribution sets out to investigate the phenomenology of a gauge model based on an SUL(2)× UR(1)Q × U (1) Q ′ -symmetry group. The model can accommodate, through its symmetry-breaking pattern, a candidate to a heavy Z ′ -boson at the TeV-scale. The extended Higgs sector introduces a heavy scalar whose mass lies in the region 1.2 − 3.7 TeV. The fermion sector includes an exotic candidate to Dark Matter that mixes with the right-handed neutrino component in the Higgs sector, so that the whole field content ensures the cancellation of the U (1)-quiral anomaly. The masses are fixed according to the particular way the symmetry breaking takes place. In view of the possible symmetry breakdown pattern, we study the phenomenological implications in a high-energy scenario. We worek out the magnetic dipole momentum (MDM) of the exotic fermion and the transition MDM due to its mixing with the right-neutrino.
I. INTRODUCTION
The search for new particles and interactions beyond the Standard Model (SM) has been challenging HighEnergy Physics, both Theoretical and Experimental, over the recent decades. The results from the LHC's ATLASand CMS-Collaborations can point to the existence of a (new) fifth interaction at the TeV-scale and beyond [1, 2] . The search for heavy resonances in proton-proton collisions at a center-of-mass energy scale of √ s = 8 TeV excludes Z ′ masses below the 2.5 TeV in the decay process of Z ′ into leptonic final states [3] . This result indicates that other cascade effects might reveal new resonances for collision energy scales above 10 TeV. For example, the Z ′ -cascade effects can connect the Standard Model matter sector with possible Dark Matter (DM) fermionic particles. Several simulations with vector, axial and pseudo-scalar mediators are discussed in mass range between 0.15 TeV and 2.5 TeV for Z ′ , and 50 GeV to 1.2 TeV for the DM sector; for that, we refer to [4] .
A well-known model in this direction is based on an SU L (2)×SU R (2)×U (1) B−L -gauge symmetry. One refers to this proposal as Left-Right Symmetric Model [6] [7] [8] [9] [10] [11] [12] [13] . The extra SU R (2)-subgroup is introduced to account for the W ′ -and Z ′ -resonances at the TeV-scale, besides the already-known W ± -and Z 0 -weak mediators of the Glashow-Salam-Weinberg (GSW) model. The righthanded sector also introduces fermion doublets with a charged lepton and its associated neutrino of right chirality. Three scalar triplets constitute the Higgs sector responsible for the chain of symmetry breakings. The triplets acquire three vacuum expected values (VEV) * Electronic address: mariojr@ufrrj.br † Electronic address: helayel@cbpf.br scales that fix the W ′ and Z ′ masses at the TeV scale, the usual W and Z masses in the SM at the GeV scale and the light and heavy neutrinos masses via a see-saw mechanism.
The well-known model in the literature that describes only the Z ′ -heavy boson is based on the gauge symmetry SU L (2) × U Y (1) × U (1) B−L [14] [15] [16] , which includes an extra U (1)-group in the GSW model. The gauge sector has just one extra boson, while the Higgs is extended to include a doublet and a singlet, or bi-doublets of scalars fields. We should keep in mind that the introduction of an extra Higgs may be needed to explain the heavy masses of the new bosons at the TeV-scale. These masses are associated with a new range of VEVs of the extra Higgs scalars. The fermion sector is enlarged to guarantee anomaly cancellation; for example, the introduction of right-neutrino components and exotic fermion singlets that could be candidates to a DM sector.
In the present paper, we re-assess the SU L (2) × U R (1) Q × U (1) Q ′ model whose SSB pattern can be contemplated in a higher energy scale; for details, consult [17] . We study its phenomenology such that the Z ′ -boson can connect the world of SM particles with exotic fermions candidate to DM particles through the cascade effects. Furthermore, we introduce a mixing sub-sector involving a right-neutrino component and exotic fermions through Yukawa interactions in the extended Higgs sector, i. e., heavy and neutral fermions can unveil relevant magnetic properties of these new fermions. We pursue this investigation and we obtain the Transition Magnetic Dipole Momentum (TMDM) and the Magnetic Dipole Momentum (MDM) for the exotic fermion in terms of its mass, as it happens in the neutrino case. Sectors of fermions and scalar bosons are introduced with quantum numbers consistent with the gauge invariance so that the chiral anomalies associated with the Abelian sectors cancel out. The mixing of the SM neutrinos with an ex-otic DM-candidate fermion and the detailed discussion on their the MDMs are two other aspects that we wish to point in our endeavour.
The organization of this paper follows the outline below: in Section II, we review the [17] . In Section III, we obtain the Z ′ -mass and it coupling with the fermions of the SM. Section IV deals with the details of the diagonalization of the mass matrix of the dark fermions and right-neutrinos in the extended Higgs sector. Section V is presented in three subsections, where we study the Z ′ -decay modes into fermions and the decay modes of the extra Higgs . In Section VI, we obtain the TMDM and the MDM of the dark fermions. Finally, our Concluding Comments are cast in Section VII.
In this Section, we present a short review of the Z ′ -model; the details may be found in the work of Ref. [17] . Here, we introduce the model in the renormalizable R ξ -gauge. The sector of fermions and gauge fields of the model
and
The slashed notation corresponds to the contraction of the covariant derivatives with the usual Dirac matrices. The covariant derivatives acting on the fermions of the model are collected below:
where
are the gauge fields of SU L (2), B µ is the Abelian gauge field of U R (1) Q , and C µ the similar one to U (1) Q ′ . Here, we have chosen the symbol J to represent the generator of U R (1) Q , Q ′ is the generator of U (1) Q ′ , the generators of SU L (2) are the Pauli matrices σ a 2 (a = 1, 2, 3), and g, g ′ and g ′′ are dimensionless gauge couplings. The fermionic field content is given in the sequel. The notation Ψ L indicates the usual doublet of neutrinos/leptons
indicates the leptons family displayed in the doublet, and the ν iL -label for neutrinos is defined by ν iL = (ν eL , ν µL , ν τL ). The Ψ R -fermion is any right-handed field of the SM, i. e., it may be the lepton ℓ iR = ( e R , µ R , τ R ) or the right-handed quarks
The new content of fermions beyond the SM is constitued by the Dirac Right-Neutrino ν iR = (ν eR , ν µR , ν τR ) and the exotic neutral ζ iL(R) -fermion (i = 1, 2, 3) that we have introduced in association with the U (1) Q ′ -group:
All these fields are singlets that undergo Abelian transformations under the U R (1) J -and U (1) K -groups. The corresponding field-strength tensors in the sector of gauge fields are defined by
The Higgs sector is essential to introduce the masses, the physical fields and the charges for the particle content of the model. The content of the Higgs sector is given by two independent scalar fields; the first is a singlet scalar, Ξ, that breaks the Abelian subgroup to generate mass to the new gauge boson that, in this scenario, we refer to as Z ′ -boson. The second Higgs field, Φ, is an SU L (2)-doublet that breaks the residual electroweak symmetry and, consequently, yields the known masses for W ± and Z 0 . Finally, we end up with the exact electromagnetic symmetry The magnetic dipole momentum of Dark fermion candidate out of a Z ′ -model 3 pattern, we start off from the Higgs Lagrangian below:
(complex) coupling parameters needed for the fermions to acquire non-trivial masses. In general, these Yukawa couplings set non-diagonal matrices 3 × 3, and as usual, the Φ-field is defined as Φ = i σ 2 Φ * to ensure the gauge invariance.
The covariant derivatives of (2.7) act on the Ξ-and Φ-Higgs as follows:
where the Q Φ is the generator of Φ-Higgs corresponding to the U R (1) Q -subgroup. The Ξ-field is a scalar singlet of SU L (2), with transformations under
that turns out in the fundamental representation of SU L (2), and it also transforms under U R (1) Q subgroup. We choose the parametrization of the Ξ-and Φ-complex fields as
where F , H are real functions, and { η , χ ± , χ 3 } are the four would-be-Goldstone bosons, such that the charged Goldstone bosons are defined by
The minima of the Higgs potential are given by the nontrivial VEVs { u , v } listed below:
where the following conditions are satisfied : µ 2 Ξ < 0 , µ 2 Φ < 0 and λ ≪ 1. It is important to emphasize that, in the Z ′ -approach, the necessary condition u ≫ v between the VEVs must be satisfied, such that u-scale generates mass for the heavy Z ′ -boson, while the v = 246 GeV is the well-known electroweak scale of the SM.
III. THE MASS EIGENSTATES OF Z AND Z'
After the SSBs, the gauge sector apperas as
The W ± -particles are identified as the combination
, and it W ± -mass is like in GSWmodel M W = gv/2. The neutral sector of (2.11) can be cast into a matrix form
where we have defined the column-vector
The mass matrix is diagonalized by the orthogonal
with the mixing angles θ 1 , θ 2 and θ 3 , and R i are special rotation matrices. In the V ′ µ -basis, the diagonal mass matrix is given by
whose the eigenvalues, for the condition u ≫ v, are read below
The null eigenvalue of (3.5) is identified as the photon mass, thus, we can denote the column-vector in the mass basis as
. Therefore, we obtain the basis transformation :
16) where we choose the parametrization for the fundamental charge e 2 = 4π/137 ≃ 0.09
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This parametrization indicates that θ 2 is the Weinberg angle sin 2 θ 2 = sin 2 θ W = 0.22 1 . Therefore, using the parametrization (2.17), the masses of the W -Z-bosons are those known in the GSW model : M W = 78 GeV and M Z = 90 GeV at the tree level, in which the experimental data have been taken into [23] . The Z ′ -mass in terms of the fundamental charge, u-VEV scale, and the θ 3 mixing angle is given by
The u-scale and the θ 3 -angle heve not been determined in the previous expression for the Z ′ -mass. We illustrate a plot of the Z ′ -mass of (2.18) as a function of the θ 3 -mixing angle; this is depicted in figure (1). The ratio between the masses of Z and Z ′ from (2.18) is given by
The recent papers of the CMS Collaboration point to the hypothetical Z ′ upper limits that exclude up to 95% confidence level masses below the 2.0 TeV [4] . Therefore, we fix the Z-and Z ′ -masses as M Z ′ = 2.0 TeV and M Z = 91 GeV to estimate the ratio of the u-scale by the θ 3 -angle, i. e., u ≃ 2.8 sin(2θ 3 ) TeV. In so doing, the maximum value for the VEV-scale is u = 2. (black line) fixes a lower bound below 2 TeV for the Z ′ -mass in the range 0.4 < cos θ 3 < 0.8. The Higgs sector, after the SSBs, is reduced to the scalar fields F and H, whose the mass matrix can be read below :
Here, m F = √ 2λ Ξ u 2 and m H = √ 2λ Φ v 2 are the masses of H-and H-fields, when λ → 0, andλ := λ/ √ λ Φ λ Ξ for short. Orthogonal transformations yield the combinations that correspond to the physical fields, F ′ and H ′ (mass basis for F and
where ϑ is the mixing angle defined by
From that, the eigenvalues of the mass matrix (2.23) yield the physical masses 
The electric charge operator of the model is
and the generators Q Z and Q Z ′ are defined by the relation
We observe, based on these results, that the Q Z generator of the GSW model is obtained whenever θ 1 = 0.
The magnetic dipole momentum of Dark fermion candidate out of a Z ′ -model 5 (I) . These values are due to a possible solution for the Abelian (chiral) anomaly to cancel out. Since the model is based on two Abelian subgroups, there are six triangle graphs of the Q-and Q ′ -symmetries that contribute for the anomaly :
. Therefore, the sum of all the charges Q and Q ′ in the table (I) ensure the cancellation of the six triangle graphs. The necessary condition for an anomaly-free model is that the ζ i -fermions have no electric charge, i. e., Y = 0, with Q = −Q ′ = +1/2 for Leftcomponent and Q = −Q ′ = −1/2 for Right-component. Furthermore, the neutrino right-component must also be added to guarantee the model to be free from anomalies. Therefore, the Yukawa interactions introduced in the Higgs sector are gauge invariant with the Q-and Q ′ -charges in the table. 
where g Z ′ := e csc(2θ 3 ) sec θ W , and we rewrite the
The f -sum in (2.28) runs to all f -fermions (no quiral components) of the model. Thereby, we list all values of g f V and g f A following the charges in the table (I) :
We have then obtained the masses and physical fields of the W ± -, Z-and Z ′ -bosons, and the interaction of Z ′ with the fermion fields of the SM. The diagonalization of mixed sector of RHNs with the set of ζ i -fermions shall be the issue of the next Section.
IV. THE MIXING BETWEEN RIGHT-NEUTRINOS AND THE ζi-FERMIONS
After the SSB takes place, the neutrinos and the ζ ifermions acquire mass terms as displayed below:
This can be cast in the matrix form
where we have defined the column-matrix χ t L(R) := ν iL(R) ζ iL(R) and the mass matrix is given by
Here, X, Y , Z and W are 3 × 3-matrices of elements { X ij , Y ij , Z ij , W ij }, and thus, the mass matrix is actually 6 × 6. We introduce the unitary transformation
where (3.4) , satisfies the relation
To obtain the form of S, we begin with the most general form of a U (2)
with four independent parameters : θ is mixing angle between the families of Right-Neutrino and ζ-fermion, and three phases { α , β , γ }. The M D -matrix is diagonal if the angles { θ , α , β } satisfy the relation
7) and the two 3 × 3 matrices of (3.5) are given by the eigenvalues
The diagonalization does not depend on the γ-phase, so that we can eliminate it. It can be readily seen that, whenever Y = Z = 0, we obtain the mass matrices M (ν) = vX/ √ 2 and M (ζ) = uW/ √ 2, respectively. Here, we are in the Z ′ -scenario where the u-VEV scale satisfies the condition u ≫ v = 246 GeV; so, we hope that the set of fermions ζ i = { ζ 1 , ζ 2 , ζ 3 } should describe three particles heavier than any neutrino of the SM, i. e., it is reasonable to consider that u W ≫ v X. Furthermore, the elements { Y ij , Z ij } can be considered weaker coupling constants due to the mixing of right-neutrinos with the sector of ζ i -fermions. Under these conditions, the mass matrices (3.8) can be written as corrections of
The neutrino-ζ i -fermion sector is now free from mixed termsν i −ζ i in the basisχ L(R) :
Therefore, the mass matrices in (3.10) can be independently diagonalized. The basis χ L(R) can be written in terms ofχ L(R) by the inverse transformation of (3.4), i. e., the transformation
The interactions ν − ℓ − W ± are written in the new basis ν L(R) ,ζ L(R) , such that the neutrino-lepton-W ± interaction is given by
where the α-phase has been absorbed into the leftneutrino field, and cos θ ≃ 1 for θ ≪ 1. Therefore, this change of basis does not affect the already-known neutrino-lepton-W ± interaction of the GSW model. The mass basis of the Dirac neutrinos is introduced via a unitary transformation of the ν L(R) -fields, then the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix emerges in the interaction (3.12) with only one Dirac phase for Dirac Right-Neutrinos. Furthermore, there are three independent angles in the PMNS matrix to mix the neutrino fields, as usually. If we introduce the uni-
(3.13) Since the neutrino masses are measured through their oscillations, the transition probabilities depend on the subtraction of the squared masses. In the case of the electron-and muon-neutrinos, this subtraction is ∆M
. Thus, the subtraction of squared coupling constants are extremely weak, ∆X
. The mixing between τ -and muon-neutrino yield the squared subtraction ∆M
. This estimation helps us to obtain the corresponding values of mixed Yukawa coupling constants Y and Z, but we need to define a range for the ζ i -masses.
The ζ i -fermions interact weakly with the leptons according to
where the β-phase has been absorbed into theζ iL -fields. The leptonic sector is diagonalized like in the SM. The
and it can be diagonalized by means of the unitary transformations
Analogously, the diagonalization of ζ i -mass matrix is carried out by another unitary transformation, that we denote byζ
, and we obtain the diagonal mass matrix below:
So, we can write the interactions (3.14) in the mass basis
where the most general 18) and ∆Y ≃ ∆Z, we obtain ∆Y ν ′
. Under these conditions and the previous bounds, the θ-mixing angle in (3.7) turns out to be extremely small : tan θ ≃ −9 × 10 −8 . The interaction of the ζ i -fermions with the Z ′ -boson is not affected by the change of basis dictated by the masses. Another important feature is that the interaction (3.16) connects the fermion sector of the SM with a set of fermions candidate to dark sector via W ± -bosons. Since θ ≪ 1, the θ-angle rules the magnitude of (3.16), i. e., sin θ ≃ θ ≃ −9 × 10 −8 . This vertex is represented by the diagram below. Therefore, this vertex yields an im-
portant contribution to ζ i -fermions magnetic dipole momentum at the one-loop approximation. The weakly coupling constant that emerges here is g θ ≃ −6 × 10 −9 . The interaction (3.16) also violates the CP-symmetry due to the δ-phase in the mixing matrix (3.17) . This extra violation disappears when the θ-mixing coupling goes to zero.
The search for DM has been motivated by study of energetic jets or a hadronically decay into the W-or Zboson at √ s = 13 TeV [4] . The recent Z ′ -phenomenology points to the cascade effects at the tree-level using the CMS data for the pp-collision at √ s = 13 TeV. Motivated by these tree-level effects, we shall obtain a general expression for the Z ′ decay width into any f -fermion of the model. Then, using the previous rules and quantum field-theoretic results, the decay width of Z ′ into any f -
and, if we use that θ 3 = 45 0 , we obtain Γ(Z ′ →l i ℓ i ) = 0.38 GeV and Γ(Z ′ →ν i ν i ) = 1.9 GeV. Notice that we have used that M Z ′ ≫ { 2 M ℓi , 2 M νi } for leptons and neutrinos. The processes of the Z ′ -decay can be useful to search for DM through the mono-V jets channels associated with the electroweak bosons W or Z. The observation of these final states could be interpreted as a DM particle content, that here we identify as the ζ Therefore, the result for the total decay width of Z ′ into the ζ i -family is given by the sum
in which for a particular ζ ′ i , it is shown to be given by
Here, the condition M Z ′ > 2 M ζ ′ i must be satisfied for any ζ 
In
The possible Z ′ -decays into quarks, i. e., Z ′ →q q, have also been the object of a phenomenological analysis at the CMS Collaboration, see [4] . Z ′ -decays into the first generation, i. e., Z ′ →ū u and Z ′ →d d, present the decay widths below :
where we have used that M Z ′ ≫ m u and M Z ′ ≫ m d . Using the θ 3 -angle of θ 3 = 45 o , we obtain the decay widths at the GeV-scale :
B. The F -Higgs decays
The Z ′ -decay into scalars has a considerable phenomenological interest for the study of Z ′ -resonance to the final four-lepton state [3] . On the other hand, the F -Higgs decay into leptons pairs Z ′ → 4 ℓ i . The process is illustrated at the tree-level as shown in figure (3) . Moreover, the decay process Z ′ → F F cannot be described by the model due to action of couplings in the covariant derivative of the Higgs sector. For example, after the SSB, the interaction of F -Scalar field with the Z ′ -boson is given by
where we have the possible vertex F Z ′ Z ′ and F F Z ′ Z ′ . Using the usual rules of QFT, a process possible described by the F − Z ′ sector is the decay F → Z ′ Z ′ , that has the following decay width : 10) where it is restricted by the condition M F > 2 M Z ′ . However, other cascade effects can be described by the Z ′ − F -interaction. For example, the decay process in which the Z ′ decays indirectly into two final states of leptons and other two final states of ζ i -fermions,i. e.,
This process is illustrated in figure (4) . In this case, we have part of the final state described 
Thus, the total decay width is given by
where we obtain the decay width for each ζ i -fermion
where (4.14)
VI. ON THE MDM OF THE ζi-FERMIONS
In this Section, we investigate the magnetic properties of ζ i -fermions through their Magnetic Dipole Momentum (MDM) The mixing of ζ i with the right-neutrino components motivates us to understand if the ζ i -MDM depends on its mass, as it happens in the case of neutrinos. For a review on the neutrinos' MDMs, go to the references [18] [19] [20] [21] [22] . We start off with the field equations in the mixed basis to obtain the so-called Transition Dipole Momenta (TDM). The Dirac equations for the ν i -neutrinos and ζ ifermions from (3.1) in momentum space are given by
where m νi and m ζi are the masses if we consider the mixed coupling constants Y ij = Z ij → 0. The functions u νi (p) and u ζi (p) are the wave plane amplitudes of ν i and ζ i in the mixed basis, respectively. For simplicity, we have defined the matrices M RL and M LR as combination of Left-and Right-components :
The Hermitian conjugate of (5.1) is written below:
If we substitute p µ by p ′µ in (5.3), we can combine the Hermitian conjugate equations with the equations (5.1) to obtain the following tree-level Gordon-like decompositions:
where q µ = p µ − p ′µ is the photon's transfer momentum, and ℓ µ := p µ + p ′µ is the total 4-momentum. These expressions yield the currents of neutrinos with the ζ ifermions of the model, written in momentum space, that we refer to as transition terms. The coefficients µ ij and η ij are matrix elements that depend on the Yukawa complex constant coupling and the u-VEV scale :
Here, if we use that m ζi ≫ m νi , and u ≫ v, so we can approximate Y ij v + Z ij u ≈ Z ij u, and the coefficients µ ij and η ij are approximately equal, µ ij ≃ η ij . We also neglect terms of order Z 2 ij ≈ 0 with respect to linear terms of Z ij in (5.4) and (5.5). We observe the emergence of TMDM for neutrinos and ζ i -fermions in both expressions (5.4) and (5.5). If we multiply these currents by e A µ , and using the representation q ν → i ∂ ν for the photon momentum, the terms σ µν q ν have the following TMDM for the ν i -neutrino :
We have a result at tree-level for Dirac neutrinos that depends on the ν i -neutrino mass and the ζ i -mass. This result allows us to set up an estimate for the Z ij coupling constant using the known result |µ (ν) | 8 × 10 −15 µ B in the literature [18] . We consider the mass spectrum of m νi ∼ 1 eV for neutrinos, the mass of m ζ1 = 0.5 TeV for the ζ 1 -fermion, and u = 2.8 TeV. In so doing, the expression (5.7) yields the Z ij coupling constant below :
The TMDM for ζ i -hidden fermion is given by expression
Therefore, we can estimate the TMDM for the ζ 1 -hidden fermion : 
W ζ
The first one-loop contribution to the MDM of the ζ Following the previous rules, the one-loop vertex (5) can be calculated by the integral
The second contribution comes from the combination of W ± −ζ ′ −ℓ ′ interaction with the vertex W ± -photon of the GSW model. It is illustrated in figure (6) . The Feynman rules yield the momentum-space loop integral below
We have used the W ± -propagator in the Feynman gauge in the expressions (5.11) and (5.12), V µαβ sets the W ± − γ vertex following the GSW model rules. Well-known techniques to deal with Feynman integrals are introduced to calculate the finite part of these integrals and, then, the contributions for the MDM of ζ i -fermions. The sum of these two contributions is denoted by Γ µ = Λ 
VII. CONCLUDING COMMENTS
We have here presented our efforts to discuss a model with an extra U (1) Q ′ -factor that may describe a possible scenario for Particle Physics beyond the Standard Model (SM). The proposal is based on the gauge group SU L (2) × U R (1) Q × U (1) Q ′ , where the extra U (1) Q ′ -factor introduces a (new) massive neutral vector boson. The mass of the latter is generated upon the spontaneous symmetry breaking mechanism that defines an extra VEV scale, beyond the electroweak VEV of 246 GeV associated with the usual Higgs field of SM. In our model, the Higgs sector displays two scalar fields and the gauge symmetry allows interactions between them. This mechanism can be introduced in two ways : in the first case, the SSB pattern takes place through a VEV scale-u, where u > 246 GeV, and, as consequence, we fix a mass for the hypothetical Z ′ -boson around 2 TeV. Next, the SM Higgs acquires its VEV of 246 GeV, breaks the electroweak symmetry to give the W ± and Z masses. The sequence of SSBs is as follows:
The result for the mass of Z ′ is estimated by the AT-LAS and CMS Collaborations as a possible particle at the TeV-scale. The maximum VEV scale for M Z ′ = 2 TeV is u = 2.8 TeV, and it allows an estimation of the mass of the new Higgs within the range 1.2 TeV < M F < 3.7 TeV. Furthermore, the subgroup U (1) K also introduces a new family of fermions in the TEV-scale, which we call ζ ifermions (i = 1, 2, 3), that could be candidates to the DM particles. It is a set of neutral heavy fermions associated with the VEV scale of 2.8 TeV and they guarantee that model be free from the chiral anomaly. We use the masses for ζ i in the range of 0.5 − 1 TeV, motivated by recent simulations of DM fermions scenario in the CMSCollaboration. Furthermore, these new fermions also mix with a Dirac's right-neutrino component. This new mixing motivated us to investigate the MDM of the ζ ifermions, and the transition MDMs of the ζ i mixed with neutrinos. Since ζ i are neutral fermions, their MDMs depend on their masses and also on the mixing with the right-neutrinos. At one-loop, the diagonal ζ 1 -MDM for mass of 0.5 TeV is estimated by the upper bound µ An Electric Dipole Momentum (EDM) of the charged leptons must emerge at higher-loop orders. This is an issue we are now investigating and we shall report on it elsewhere, in a further paper. A unification scheme including W ′ -and Z ′ -bosons is in the framework of an Left-Right Symmetric Model SU L (2)×SU R (2)×U (1) Q × U (1) Q ′ may also be the subject of a further investigation to be pursued in the presence of fermionic DM.
